Abstract. The electric properties (EPs) of biological tissues, i.e., the electric conductivity and permittivity, can provide important diagnostic information in cancer detection and characterization. The conductivity also plays an important role in specific absorption rate (SAR) calculation, which is a major concern in high-field Magnetic Resonance Imaging (MRI). In MRI systems the radio frequency (RF) radiation is dependent on the object's EPs by Maxwell Equations, and we can reconstruct the EPs distribution by measuring the active transverse component of the applied rotating magnetic field in MRI systems (known as B1-mapping). Applying previously proposed Dual-excitation algorithm, we conducted a series of computer simulations on a three-dimensional five-tissue anatomically accurate head model using the Finite Element Method (FEM). The reconstruction results utilizing several RF coils were examined and compared, and the present simulation results indicate that the TEM coil could produce the optimal result. The Specific energy Absorption Rate (SAR) within the head was also estimated using the reconstructed electric properties distribution, and the promising results suggest our approach might provide an efficient way for in-vivo SAR determination in high field MRI.
Introduction
The electric properties (EPs, conductivity σ and permittivity ε) of biological tissues at radio and microwave frequencies have been the subject of research for over four decades [1] . In the past two decades, many efforts have been made to produce cross-sectional images of EPs in-vivo by means of the Electrical Impedance Tomography (EIT) [2] and its variants using magnetic induction (MIT) [3] , but these methods are limited by low spatial resolution and need to solve an ill-posed inverse problem. A technique called "Magnetic Resonance Electrical Impedance Tomography (MREIT)" [4] , which is based on the Magnetic Resonance Current Density Imaging (MRCDI) [5] technique, has been pursued; but it requires current injection into the body within an MRI scanner. Another recently developed approach, Magnetoacoustic Tomography with Magnetic Induction (MAT-MI) [6] , suggests the promises of obtaining high resolution tissue electric conductivity profiles; however, there are no in vivo experiments reported so far.
Haacke et al. proposed an iterative method of extracting EPs from MRI images which reflect the disrupted RF profile [7] . Later on, Wen reported a modified Helmholtz equation based non-iterative algorithm and tested in phantom experiments [8] . Recently, using an iterative algorithm and an integration method, Katscher et al. conducted experiments to image the EPs within phantoms and human heads, and they firstly named this approach "Magnetic Resonance Electric Properties Tomography (MREPT)" [9, 10] .
The B 1 -mapping technique was developed to measure the rotating RF field components [11] . MREPT utilizes the measurements to reconstruct the EP values within the biological tissues, and no electrode mounting is required and no external energy is introduced into the body during MRI scanning. In the present study, we have applied our previously proposed Dual-excitation algorithm [13] on a five-tissue 3-D realistic head model to image the tissue EPs. Several RF coils were used to test its performance, and SAR distribution was also estimated within human brain tissues.
Method

Dual-excitation algorithm
Description of Dual-excitation algorithm can be found in [12] . Two sets of H x ~ H y data are needed to reconstruct the complex permittivity is ε c =ε-jσ/ω, in which ω is the operating angular frequency. We used linear excitation mode to generate different polarizations by switching the current feed point by 90° (excitation II) apart from the previous one (excitation I) to acquire the data sets. All EM fields were calculated by means of finite element method (FEM) using software ANSYS 11.0 (ANSYS, Inc., PA, USA), and the data was post-processed by MATLAB 7.1 (The Mathworks Inc., Natick, MA). 
Finite element model
T1-weighted MRI images (matrix size 128×128×72, voxel size 2×2×2mm
3 ) of a human head ( Fig. 1  (a) ) were segmented into five tissues: skull, scalp, cerebrospinal fluid (CSF), white matter (WM) and grey matter (GM). The structure information was imported into ANSYS software, and a five-tissue anatomically accurate head model was constructed. A 28cm-long birdcage coil, a 28cm-long TEM coil and a 12cm-long birdcage coil were modeled with a diameter of 28cm and with 12 rungs. Either coil was enclosed by a cylindrical shield having a diameter of 32cm and a length of 30cm and 14cm, respectively ( Fig. 1 (b) ).
The equivalent circuit model was utilized to perform a linear excitation. All of the capacitors in the coil were replaced with current sources at required resonant frequency --128MHz (3 Tesla). The corresponding EP values for different head tissues were set to be isotropic and derived from the 4-Cole-Cole Model [13] .
Results and Discussion
In our algorithm, H z is neglected. We have performed a series of simulations on the three coils to evaluate this assumption (noise free). Simulation results are shown in Fig. 2 . It can be observed that, the TEM coil, which has been developed in order to restrain nonproductive end-ring-generated H z component [14] , could produce the optimal result: the relative errors of reconstructed permittivity of CSF, WM and GM are 22.2%, 13.8% and 17.6%, respectively; for the 12cm birdcage coil in which H z component appears to be more dominant compared with those in the other two coils, the relative errors of reconstructed permittivity are 36.2%, 25.5% and 38.2%, respectively. While the experimental measurement of H Z component is not feasible in MRI, the simulation results suggest that assuming H Z = 0 within a common volume coil could also provide reasonable structural information of biological tissues. 
